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Description 



PRE-COOLER FOR REDUCING CRYOGEN 

CONSUMPTION 

Background of Invention 

[0001] The present invention relates generally to Magnetic Reso- 
nance Imaging (MRI) systems, and more particularly, to a 
method and system for reducing cryogen consumption in 
MRI systems. 

[0002] Magnetic Resonance Imaging (MRI) is a well-known medi- 
cal procedure for obtaining detailed, one, two and three- 
dimensional images of patients, using the methodology of 
nuclear magnetic resonance (NMR). MRI is well suited to 
the visualization of soft tissues and is primarily used for 
diagnosing disease pathologies and internal injuries. 

[0003] Typical MRI systems include a super conducting magnet 
capable of producing a strong, homogenous magnetic 
field around a patient or portion of the patient; a radio 
frequency (RF) transmitter and receiver system, including 
transmitter and receiver coils, also surrounding or im- 



pinging upon a portion of the patient; a gradient coil sys- 
tem also surrounding a portion of the patient; and a com- 
puter processing/imaging system, receiving the signals 
from the receiver coil and processing the signals into in- 
terpretable data, such as visual images. 

[0004] The super conducting magnet is used in conjunction with 
a gradient coil assembly, which is temporally pulsed to 
generate a sequence of controlled gradients in the main 
magnetic field during a MRI data gathering sequence. 
Inasmuch as the main superconducting magnet produces 
a homogeneous field, no spatial property varies from lo- 
cation to location within the space bathed by such field; 
therefore, no spatial information, particularly pertaining to 
an image, can be extracted therefrom, save by the intro- 
duction of ancillary means for causing spatial (and tempo- 
ral) variations in the field strength. This function is ful- 
filled by the above-mentioned gradient coil assembly; and 
it is by this means of manipulating the gradient fields that 
spatial information is typically encoded. 

[0005] Super conducting magnets operate under extremely low 
temperatures. This is commonly accomplished through 
the use of cryogens such as liquid helium. The cryogens 
must often be stored and delivered under low tempera- 



tures in order to deliver the proper efficiency. Cryogens 
such as liquid helium, however, are not abundant and 
therefore can significantly impact the cost of operation of 
the MRI system. In addition exposure of liquid helium to 
room temperature magnets can result in the boiling of the 
liquid helium which negatively impacts the performance 
and efficiency of the MRI system. 
[0006] it is known that the economics and efficiency of cryogen 
based MRI systems can be improved by cooling the MR 
magnet components from room temperature to an inter- 
mediate temperature closer to the final liquid helium op- 
erational temperatures. Pre-cooling the MR magnet com- 
ponents is preferably accomplished through low cost and 
easily available cryogen materials. Existing pre-cooling 
designs operate under thermodynamic inefficiencies that 
consume more refrigerant/cryogen. This emphasizes the 
cost components of liquid helium systems. Additionally, 
the inefficiencies can result in the generation of undesired 
condensate/icing. This can result in the freezing and seiz- 
ing of the blower bearings. The blowers and bearings may 
be redesigned in order to minimize the impact of bearing 
freeze. This, however, requires the use of special blowers 
that increases both the initial cost of the MRI system as 



well as the cost of maintenance and replacement blowers. 
[0007] | t would, therefore, be highly desirable to have a MRI 

cooling assembly with improved cooling efficiency and a 
reduction of cryogen consumption. It would additionally 
be highly desirable to have a MRI cooling assembly that 
could be implemented without the necessity of costly spe- 
cialized blower assemblies. 
Summary of Invention 

[0008] | n accordance with one aspect of the present invention, a 
MRI system is provided. The MRI system includes a mag- 
net assembly. A first cryogen cooling fluid is utilized to 
cool the magnet assembly. A first supply line communi- 
cates the first cryogen cooling fluid to the magnet assem- 
bly. A first return line communicates the first cryogen 
cooling fluid away from said magnet assembly. A blower 
assembly is positioned between and in communication 
with the first supply line and the first return line. A regen- 
erative heat exchanger is in communication with the first 
supply line and the first return line. The regenerative heat 
exchanger transfers thermal energy from the first supply 
line to the first return line. The regenerative heat ex- 
changer is positioned between the blower assembly and 
the magnet assembly. A second supply line transports a 



second cryogen fluid through a pre-cooler assembly. The 
pre-cooler assembly is positioned between the regenera- 
tive heat exchanger and the magnet assembly. The pre- 
cooler assembly transfers thermal energy from the first 
supply line to the second supply line. 
[0009] The present invention itself, together with attendant ad- 
vantages, will be best understood by reference to the fol- 
lowing detailed description, taken in conjunction with the 

accompanying FIGURES. 
Brief Description of Drawings 

[0010] For a more complete understanding of this invention ref- 
erence should now be had to the embodiments illustrated 
in greater detail in the accompanying FIGURES and de- 
scribed below by way of examples of the invention 
wherein: 

[0011] FIGURE 1 is a schematic diagram of a MRI system in accor- 
dance with one embodiment of the present invention. 
Detailed Description 

[0012] Referring now to Figure 1, which is a schematic diagram 
of a MRI system 10 in accordance with the present inven- 
tion. It is contemplated that the present invention can be 
implemented into a wide variety of magnetic resonance 



imaging designs and should not be limited to those par- 
ticular described embodiments. It is contemplated that the 
MRI system 10 includes a magnet assembly 12. The use of 
magnet assemblies 12 is well known within the medical 
imaging field. Although a variety of magnet assemblies 12 
are contemplated, one embodiment contemplates the use 
of a super-conducting magnet assembly 12. 

[0013] The magnet assembly 12 requires the maintenance of a 
particular temperature range for optimal performance. To 
this end, the present invention further includes a MRI 
cooling assembly 14. The MRI cooling assembly includes a 
first supply line 16 and a first return line 18 in communi- 
cation with the magnet assembly 12. The first supply line 
16 and first return line 18 transport a first cryogen cool- 
ing fluid 20 to and from the magnet assembly 12. It 
should be understood that the first supply line 16 and 
first return line 18 may be formed in a variety of configu- 
rations suitable for this purpose. Similarly, although a va- 
riety of first cryogen cooling fluids 20 are contemplated, 
one embodiment utilizes a helium fluid/gas for the first 
cryogen cooling fluid 20. 

[0014] a blower/compressor assembly 22 is positioned between 
the first supply line 16 and the first return line 18 oppo- 



site the magnet assembly 12. The blower assembly 22 is 
responsible for movement of the first cryogen cooling 
fluid 20 throughout the MRI cooling assembly 14. By way 
of compressing and moving the helium/first cryogen 20 
through the MRI cooling assembly 14, the temperature of 
the magnet assembly 12 can be lowered during pre- 
cooling operation. It is known, however, that the thermal 
efficiencies of such a system operating alone can impact 
the MRI cooling assembly 14 design. The present inven- 
tion, therefore, further includes a pre-cooler assembly 24. 
[0015] The pre-cooler assembly 24 is in thermal communication 
with the first cryogen cooling fluid 20 through the first 
supply line 16. The pre-cooler assembly 24 is preferably 
positioned immediately adjacent the magnet assembly 12. 
The term immediately adjacent is intended to be defined 
as closer in flow proximity to the magnet assembly 12 
than the subsequently described heat exchangers. The 
pre-cooler assembly 24 can be configured in a variety of 
fashions. One embodiment contemplates the use of a sec- 
ond cryogen fluid 26 flowing through a second supply line 
28. The pre-cooler assembly 24 places the second supply 
line 28 in thermal communication with the first supply line 
16 such that thermal energy 29 is drawn from the first 



supply line 16 into the second supply line 28. This re- 
duces the temperature of the first cryogen 20 prior to en- 
tering the magnet assembly 12. This, in turn, improves 
the efficiency of the MRI cooling assembly 14. 
[0016] Although the second cryogen fluid 26 can be provided in a 
variety of fashions, one embodiment contemplates the use 
of a source of compressed cryogen 30 in communication 
with the second supply line 28. The compressed second 
cryogen 26 can be controllably released into the second 
supply line 28 to control pre-cooling of the first cryogen 
20. In this embodiment, a vent 32 may be placed in com- 
munication with the second supply line 28 in a position 
opposing the source of compressed cryogen 30. The vent 
32 is utilized to allow the second cryogen 26 to be vented 
into the atmosphere. Depending on the size of the opera- 
tional environment, it may be desirable to position the 
vent 32 such that the second cryogen 26 is vented into 
outside atmosphere. Although the second cryogen 26 may 
be comprised of a variety of materials, one embodiment 
contemplates the use of liquid nitrogen. This allows for a 
relatively inexpensive refrigerant to be utilized while pro- 
tecting a more expensive cryogen within the compara- 
tively closed-loop system of the first cryogen 20 flow 



path. It should be understood that although the first cryo- 
gen 20 flow may be considered closed-loop, losses of the 
first cryogen 20 are contemplated during normal opera- 
tion. To this end, the present invention may further in- 
clude a make-up gas supply 34 in communication with 
the first return line 18 in order to replace any losses of 
first cryogen 20. 

[0017] a concern arising from the use of the pre-cooler assembly 
24 arises from the low temperatures of the first cryogen 
20 returning from the magnet assembly 12 to the blower 
assembly 22. The present invention addresses this issue 
by including a regenerative heat exchanger 36 in commu- 
nication with both the first supply line 16 and the first re- 
turn line 18. The regenerative heat exchanger 36 is posi- 
tioned between the magnet assembly 12 and the blower 
assembly 22. The regenerative heat exchanger 36 places 
the first supply line 16 in thermal communication with the 
first return line 18 such that thermal energy 29 may be 
transferred from the first supply line 16 into the first re- 
turn line 18. In this fashion, thermal energy 29 contained 
in the supply line 16 may be utilized to raise the tempera- 
ture of the first cryogen 20 entering the blower assembly 
22. This prevents the first cryogen 20 from freezing or 



seizing the blower assembly 22 bearings. It is preferable 
that the first cryogen 20 flowing through the first return 
line 18 exits the regenerative heat exchanger 36 at or 
near room temperature. This allows for the use of low- 
cost and commonplace room-temperature blower assem- 
blies 22 to be utilized. The term "room-temperature 
blower assemblies" is known to encompass a range of 
blower assemblies designed for operation between the 
temperatures of 5 - 50 degrees Celsius. It should be un- 
derstood that this range is only illustrative in nature. 
These blower assemblies 22 allow for a reduced cost MRI 
cooling assembly 14 with improved efficiency. The effi- 
ciency provided allows for the use of premium refriger- 
ants. 

[0018] The present invention further improved efficiency by in- 
cluding an after-cooler heat exchanger 38. The after- 
cooler heat exchanger 38 is in thermal communication 
with the first supply line 16 and transfers thermal energy 
29 from the first cryogen 20 to room temperature ambi- 
ent 40. It should be understood that ambient room tem- 
perature will be dependent on the location of the MRI as- 
sembly 10 and associated room conditions. The after- 
cooler heat exchanger 38 is preferably positioned be- 



tween the regenerative heat exchanger 36 and the blower 
assembly 22. This rejects the heat of compression in to 
ambient room temperature rather than into the refrigera- 
tion media. This reduces consumption of the second cryo- 
gen 26 and increases the thermodynamic efficiency of the 
process. This, in turn, minimizes entropy production and 
can reduce refrigerant costs. 
[0019] Although numerous heat exchangers have been refer- 
enced in the above application, it should be understood 
that the present invention contemplates the use of any 
present or future methodologies for transfer of thermal 
energy that will function as described and claimed. Fur- 
thermore, it is contemplated that the regenerative heat 
exchanger 36 and the pre-cooler assembly 24 may be 
protected from ambient room conditions such as temper- 
ature and moisture by standard cryogenic industry prac- 
tices. 

[0020] The above-described apparatus, to one skilled in the art, 
is capable of being adapted for various purposes and is 
not limited to the following systems: MRI systems, mag- 
netic resonance spectroscopy systems, and other applica- 
tions where pre-cooling is helpful either functionally and/ 
or economically. The above-described invention may also 



be varied without deviating from the spirit and scope of 
the invention as contemplated by the following claims. 



